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Abstract 

Common concerns of very large vehicles in the 
areas of economics, transportation system inter- 
faces and operational problems have been reviewed 
regarding their influence on vehicle configura- 
tions and technology. Fifty-four technology 
requirements have been identified which are judged 
to be unique, or particularly critical, to very 
large vehicles. The requirements were about 
equally divided among the four general areas of 
aero/hydrodynamics, propulsion and acoustics, 
structures, and vehicle systems and operations. 
The state of technology readiness was judged to be 
poor to fair for slightly more than one-half of 
the requirements. In the classic disciplinary 
areas, the state of technology readiness appears 
to be more advanced than for vehicle systems and 
operations. 


Introduction 


The technology requirements for designing, 
manufacturing, and operating any vehicle depend in 
large part on the configuration of that vehicle. 
Under the general heading of Very Large Vehicles 
(VLV), configurations are many and varied, so, 
therefore, are the technology requirements. The 
brief study reported herein was limited to tech- 
nology requirements of particular interest to very 
large vehicles. While many were of common inter- 
est, a few technology requirements critical to 
specific VLV types were also covered. Not 
included were the small technology refinements 
unique to a specific vehicle configuration since 
this level of technology is considered to normally 
be developed on an ad hoc basis. 

The paper addresses in turn: common VLV con- 
cerns and how they influence vehicle configura- 
tions and technology; the methodology followed in 
selecting requirements and assessing readiness; 
the resultant technology requirements and readi- 
ness; and finally some overall observations 
regarding technology areas judged to be particu- 
1 arly critical . 


Common Concerns and Vehicle Configurations 


Common concerns of very large vehicles exist 
in the areas of economics, transportation system 
interfaces and operational problems. The concerns 
of a specific vehicle may give rise to several 
configuration requirements that are not always 
compatible with one another and conflicts often 
arise. Attempts to resolve these conflicts often 
generate novel configurations, some of which 
require technology which may not yet be developed. 
The remainder of this section discusses some of 
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these concerns and their impact on certain tech- 
nology requirements which subsequently were 
eval uated. 

Economics 

The number of vehicles produced from a given 
design is very important in vehicle first cost. 
For a conventional transport aircraft to be 
successful, a production run in the hundreds is 
considered necessary to avoid pricing the air- 
craft out of reach. On the other hand, a produc- 
tion run measured in tens rather than in hundreds 
will be more likely for most VLV types. Such low 
productions will result from the limited demands 
for the unique capabilities of these vehicles and/ 
or the high vehicle productivities. Significant 
effort must be directed toward both maximizing the 
number produced and reducing the first costs for a 
given production run. 

Multiuse capability holds great attraction 
for increasing the demand for a vehicle. Examples 
of multiuse include the transportation of cargo as 
well as passengers, and transportation of military 
equipment as well as civil cargo. Design of vehi- 
cles for multiple use can lead to conflicts in the 
qualities to be emphasized. For example, the 
transportation of passengers requires safety to be 
the prime factor above either speed or cost, while 
the transportation of cargo does not require as 
great an emphasis be given safety. Likewise in 
transportation of cargo, civil use emphasizes cost 
while military use emphasizes capability to per- 
form missions. Also, cargo density, packaging and 
handling requirements can differ substantially. 

Resolution of conflicts can narrow choices of 
vehicle configurations. An example would be the 
location of the wing on an aircraft configured to 
be compatible for both passenger transportation 
and military airlift use. A low wing location is 
generally preferred for passenger safety, while a 
fuselage deck at truck-bed height is preferred for 
airlift to expedite handling cargo at forward 
locations. A configuration satisfying both of 
these constraints would have the wing mounted low 
on a fuselage which in turn would sit very close 
to the ground. Of necessity the landing gear 
would have to be relatively compact and the power- 
plant would have to be located other than below 
the wing. Thus, new technology needs could be 
envisioned for the landing gear and powerplant 
systems as well as for minimizing any adverse 
ground effects. 

For a given anticipated production run, 
reducing first costs includes the use of: off- 
the-shelf components, a minimal number of unique 
parts, and easy-to-fabricate structural shapes. 
Vehicle manufacturers currently use all of these 
strategies. What could be different for very 
large vehicles would be a greater use of strate- 
gies which adversely impact other areas. An 
example would be an aircraft wing which is deli- 
berately untapered to reduce the number of unique 
parts. Since lack of taper would adversely affect 
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aerodynamic efficiency, a requirement would then 
exist for technology to design auxiliary aerody- 
namic devices (e.g., winglets) to upgrade aerody- 
namic efficiency. 

Minimization of operating costs is also very 
important for all transport vehicles regardless of 
size. A principal design objective is to provide 
high ratios of payload to empty weight and of lift 
to drag. For very large aircraft in particular, 
emphasis must also be given toward achieving effi- 
cient intermodal transfer of payload, be it 
passengers or freight. 

Other Concerns 

Concerns of the interface of the vehicle with 
the transportation system also impact vehicle con- 
figuration. Good compatibility is needed between 
the vehicles and existing terminal facilities. 
Changes in terminal geometry and equipment to 
accommodate very large vehicles would require not 
only the expenditure of considerable sums of money 
but also the solution of space accommodation prob- 
lems. Additional space is not always available 
and a dilemma could result from trying to realize 
the full benefits of increasing vehicle size. New 
features could be incorporated into the vehicle 
configuration to help the situation. For example, 
achieving a decrease in wing span for VLV aircraft 
to meet ramp and gate spacing restrictions could 
be accomplished through use of either a variable 
geometry feature (e.g., hinged wing) or a new 
aerodynamic configuration (e.g., winglets). Of 
particular concern to very large aircraft is their 
compatibility with the geometry and strength of 
existing runways and taxi ways. Runway waviness 
and bearing strength at some major airports 
already pose problems for current wi debody 
ai rcraft. 

Another concern centers on environmental 
problems as affecting both the vehicle passengers 
and the community. While very large vehicles 
generally have more interior room to minimize 
crowding, they also have a greater amount of 
installed power which can introduce noise problems 
within the passenger compartment. These problems 
could be aggravated by certain nonconvent ional 
locations (e.g., above the wing) of the power- 
plants proposed in some VLV designs. In community 
acceptance, the powerplant emissions and external 
noise problems may be aggravated, or at least be 
different, for very large vehicles. Increased 
vehicle size also makes more practical the use of 
certain alternate fuels (e.g., hydrogen, nuclear) 
which will have emissions different from conven- 
tional petroleum fuels. 

A final concern is the area of hazards which 
very large vehicles may pose to the passengers and 
the community. Questions are raised regarding the 
crashworthiness and passenger survivability of 
certain VLV concepts, particularly those where the 
fuel is housed relatively near the passengers, 
such as in the fuselage. 


Methodology for Assessing Technology 


The term. Very Large Vehicles, is quite broad 
in scope, and so are the many and varied items of 
technology required for success in their design. 


fabrication and operation. To bring within rea- 
sonable bounds an assessment of technology for 
such a broad subject area, an arbitrary approach 
was followed both in the selection of specific 
technology requirements and in carrying out an 
appraisal of their readiness. The approach metho- 
dology is described herein. 

Selection of Technology Requirements 

The vehicle types considered pertinent for 
identifying technology requirements were limited 
to those whose operations involve aerodynamics 
and/or hydrodynamics. Wheeled and tracked 
vehicles for land operations were not included. 
To broadly address the subject, the technology 
requirements selected were those judged to be uni- 
que to very large vehicles, critical to specific 
kinds of vehicles and/or common to several vehicle 
types. Particularly stressed were uniqueness and 
criticality rather than broadness of technology 
application. 

In addition to the classic disciplines (e.g., 
propulsion, structures) required in vehicle 
design, technology areas addressed included those 
of vehicle systems and operations. A balance in 
technology items between disciplines was arbi- 
trarily made by selecting two to four items in 
each of sixteen subareas equally divided among the 
following four major disciplinary areas: aero- 

hydrodynamics ; propulsion and acoustics; materials 
and structures; and vehicle systems and 
operations. The sixteen subareas are listed in 
Table 1. 


Table 1 Technology areas addressed 


Area 

Subarea 

pero/hydrodynami cs 

1 

2- D Phenomena 

3- D Configurations 
Component interferences 
Wind and wave inputs 

Propulsion and 
Acoustics 

Turbofan engines 
Propellers and rotors 
Alternate fuels 
Acoustics and noise reduction 

j 

Structures 

Materials and manufacturing j 
Structural configurations ' 
Structural dynamics i 
Landing systems j 

I 

Vehicle Systems 
1 and Operations 

1 

Active control systems , 

Flight dynamics 
Interacting vehicles 
Hazards 


Assessment of Technology Readiness 

The knowledge and expertise required to 
adequately assess the broad range of technologies 
represented in the current study does not reside 
in any one organization. While a very consider- 
able amount of information is in the public 
domain, some is not readily available because of 
proprietary or security restrictions. The 
approach followed in the present study was to con- 
sult with and obtain information from a number of 
senior specialists who could be identified as 
knowledgeable in specific disciplinary areas. The 
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majority of these specialists were from NASA,^ 
principally the Langley Research Center. In indi-‘ 
vidua! areas, opinions of the evaluators have 
generally been in agreement both as to the iden- 
tification of appropriate technology requirements 
and the assessment of their readiness. 

Assessment of technology readiness is a 
judgemental process and cannot be indisputably 
quantified. The approach followed in the present 
study was to subjectively rate by adjective, which 
could range from "poor" to "excellent", each item 
of technology for which a requirement has been 
identified. In many instances, the rating is 
qualified (e.g., limit on range of application). 
The relative comparability of ratings between 
technology items may not be fully consistent 
because of two factors: a difference in level of 

conservatism between evaluators, and a difference 
in state of technology development and application 
between factors. Where the state of development 
is somewhat mature, problems may have arisen dur- 
ing real world experience which originally had not 
been anticipated but which now adversely affect 
the assessment. When the technology is less 
mature and developmental problems have not yet 
been identified, the tendency is to be optimistic 
and rate the technology readiness to be somewhat 
better than probably it really should be. 


Technology Requirements and Readiness 


The identified technology requirements and 
the companion assessments of technology readiness 
will be presented in the order listed in Table 1. 
It should be recognized that some technology items 
listed under one area may in fact involve several 
technology areas. 

Ae r 0 / hy d r ody n am i c s 

All Very Large Vehicles have one design goal 
in common: achievement of high operating effi- 
ciency. For the types of vehicles presently being 
addressed, efficiency depends on the vehicle aero^- 
dynamic and/or hydrodynamic characteristics. 
Since the criticality of these characteristics 
increases with speed, judgement must be exercised 
for the various types of vehicles regarding the 
importance given to aero/hydrodynamics. In the 
present review, the general area has arbitrarily 
been divided into four subareas: two-dimensional 
shapes; three-dimensional configurations; inter- 
ferences between vehicle components; and wind and 
wave inputs which perturb vehicles. Thirteen 
technology requirements have been identifed in 
these subareas. These requirements and associated 
appraisals of technology readiness are discussed 
in the following paragraphs and are summarized in 
Table 2. 

Two-Dimensional Phenomena . A requirement 
exists for thick (lb to 30 percent) lifting foils 
which have good lift-drag ratios. Thick shapes 
make possible not only high structural efficiency 
but also more usable volume within the foils. 
Such volume is very important for those VLV con- 
cepts where fuel and payload are to be accommo- 
dated primariy within the lifting surface rather 
than within a nonlifting body. Technology readi- 
ness is rated "very good" for thicknesses to 20 
percent. Methodology, backed by considerable data 


and experience is available to address the lower 
Mach number design situations. Presently lacking 
is the technology to provide adequate designs for 
greater thicknesses and for higher Mach numbers. 
A somewhat similar requirement exists for bluff 
nonlifting bodies having low drag. Again the 
technology readiness is rated "very good" for iso- 
lated bodies. An additional requirement common to 
both foils and bodies concerns the effects of very 
high Reynolds numbers. The technology readiness 
is rated only "fair" for lifting foils. Uncer- 
tainties exist particularly in the aft chord 
region. A rating of "good" is given nonlifting 
bodies where a considerable amount of hydrodynamic 
studies have provided a substantial data base. 

Three-Dimensional Configurations. For any 
VLV, where performance is important, a need exists 
for technology to optimize the aerodynamic or 
hydrodynamic configuration. This need is admit- 
tedly broad in scope because of the many different 
VLV types. The technology readiness is considered 
to be "good" for configurations having attached 
flows at subcritical Mach numbers. Technology 
development has not yet been extended to address 
situations where lifting surfaces are thick or 
where Mach number values are very high. A much 
larger data base is needed to address novel 
experimental configurations. A second need, 
discussed earlier, involves improvement of the 
lift-drag ratios for compromised configurations 
such as lifting surfaces of low aspect ratio; 
here, technology readiness is rated as only 
"fair". It certainly is not adequate for handling 
wide-tipped wings. A third need concerns under- 
standing and modeling of the aerodynamic ground 
effects when the ground is in very close proximity 
to VLV lifting surfaces. The technology readiness 
of this item is rated "good" for most con- 
figurations but "fair" for configurations having 
separated flow or with vortex lift (e.g., as with 
a highly swept leading edge). Configurations 
incorporating thick lifting surfaces could also 
pose problems. A fourth need is flow control for 
VLV lifting surfaces and bodies. The technology 
readiness for flow control required to avoid flow 
separation is fairly well understood with technol- 
ogy readiness rated as "very good". The rating 
decreases to "poor" where laminar flow is to be 
maintained. Problems are much more severe in 
maintaining laminar flow for all configurations 
and for high Reynolds number. 

Component Interference Minimization . Four 
technolo^ needs were identiTied in the subarea of 
aerodynamic interferences between vehicle com- 
ponents. The first need addresses the technology 
to treat the problems of intersections of primary 
lifting surfaces by auxiliary lifting surfaces, 
struts, and/or protuberances. Technology readi- 
ness is rated "good". Rather sophisticated analy- 
tical models have been developed, but there is a 
lack of suitable experimental information to ade- 
quately validate the models. Use of thick lifting 
surfaces, which lower the critical Mach number, 
aggravates the problem and requires local tailor- 
ing of the contours of intersecting elements to 
minimize the interference. A related and second 
technology need concerns the handling of interac- 
tions between multiple, but nonintersecting 
lifting surfaces (e.g. biplane wings, wing-tail 
combinations) . Technology readiness is rated as 
"very good". Although techniques are judged to be 
fully adequate to address a great variety of con- 
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figurations, extreme configurations (e.g., high 
sweep angles, extreme stagger) still require tech- 
nology development. A third need concerns bodies 
intersecting thick lifting surfaces, where the 
readiness is rated "fair". Problems exist in 
handling boundary layer and Reynolds number 
effects. The fourth area is that of achieving 
aerodynamical ly efficient integration of pro- 
pulsion systems in unconventional locations (e.g., 
above the wing for airplanes). Technology readi- 
ness is rated "fair;" troublesome areas exist for 
high-bypass-ratio turbofans, for turbopropellers 
mated to wings incorporating supercritical sec- 
tion, and for the inlet region of powerplants 
buried within the wing and operating at high 
angles of attack. 

Wind and Wave Inputs . The dynamic loads and 
motions of vehicles are influenced to a very sig- 
nificant degree by the dynamic inputs of the 
external environment. Two technology requirements 
involving the dynamic inputs are addressed in this 
subarea (requi rements concerned with dynamic 
responses to such inputs will be addressed subse- 
quently). The first requirement concerns the spa- 
tial variations of gusts and turbulence occurring 
throughout the volume occupied by the aircraft at 
given points in time. Technology readiness can be 
rated no better than "fair." While theory is 
available, experimental data are lacking. Obtain- 
ing such data simultaneously throughout volumes as 
large as the biggest VLV (e.g., airships) may be 
very difficult to accomplish. The maximum dynamic 
loading inputs possible for some VLV (e.g. LTA, 
WIGS,) could well be too large for a practical 
vehicle. In such instances, vehicles would be 
designed for lesser loadings and restricted in 
operations. Accordingly, a second technology 
requirement concerns the effects of geographic 
area and season on dynamic input characteristics. 
Technology readiness is rated "fair". For gusts 
and turbulence, the phenomena are generally 
understood, but existing data are not adequate as 
they consist mainly of indirect measurements of 
vehicle response to the inputs. For wave spectra 
of water, a great quantity of data are available, 
but the problem centers around the question of how 
to use the data. 

Propulsion and Acoustics 

Propulsion systems for Very Large Vehicles, 
as for conventional size vehicles, must satisfy 
three major requirements: be compatible with the 
geometric and operational requirements of the 
vehicle; be fuel efficient and economical in 
operation; and be environmentally acceptable. 
Acoustics has been listed in the title with 
propulsion since it embraces a technology area 
broader than the acoustics associated with just 
the propulsion system. In the present review, the 
general area has been divided into four subareas: 
turbofan engines; propellers and rotors; alternate 
fuel propulsion; and acoustics and noise reduc- 
tion. Twelve technology requirements have been 
identified in these subareas. These requirements 
and associated appraisals of technology readiness 
are discussed in the following paragraphs and are 
summarized in Table 3. 

Turbofan Engines . Historically substantial 
increase in size for most vehicle types has been 
achieved first by utilizing existing propulsion 
units of appropriate number with some tailoring as 


required. Then larger, more specially tailored 
units have been developed where demand has 
warranted. To ease VLV developmental costs, such 
an approach will undoubtedly be followed except 
for those unique situations (e.g. nuclear-powered 
aircraft) where the vehicle and its geometry r^y 
be critically dependent on an all -new propulsion 
unit. Anticipating that VLV demand will be suf- 
ficiently large, a requirement has been identified 
for the technology to design very large, efficient 
engines of high bypass ratio (8-12). Technology 
readiness is rated "good". Scale effects pose 

some problems in areas such as near-sonic tip 
speed of the fan . A second technology need is in 
the area of very high bypass ratio (20-40) engines 
for high quantity, low-pressure-ratio flow needs 
(e.g. ram air for wing-in-ground effect (WIG) 
vehicles). Technology readiness is rated "very 
good" for engines utilizing existing cores. The 
rating downgrades to "fair," however, for uncon- 
ventional operations of the propulsion unit. 
Examples include inlet upwash problems for 
mechanically-tilted engines and substantial losses 
in thrust from the trapped efflux for WIG machi- 
nes. A third technology requirement is in the 
area of variable cycle engines suitable for effi- 
cient operations at both supersonic and subsonic 
speeds. Technology readiness is rated "fair." A 
preferred combination of cycles has not yet been 
selected. A fourth requirement is for technology 
to provide efficient operations of propulsion 
systems when located in unconventional regions 
such as above the wing on aircraft. Technology 
readiness is rated "good" for those locations 
where the external aerodynamics flow is 
unseparated and has a thin boundary layer. 

Propellers and Rotors . During the last two 
decades, large high performance aircraft have 
relied on turbojet and turbofan propulsion rather 
than turbopropel lers. Propeller driven aircraft 
which match the size and operating speeds of pre- 
sent wi de-body aircraft should therefore qualify 
as advanced very large vehicles. For both pro- 
peller and rotor aircraft, helical tip speeds are 
much higher than vehicle forward speed. The asso- 
ciated sonic flow problems of the blades introduce 
design constraints, which for VLV applications, 
may result in propellers or rotors of unusual 
design operating at relatively low rotational 
speeds. A requirement has been i dent i fed for 
technology to configure propellers and rotors for 
VLV having high efficiency, low noise, and low 
maintenance. Technology readinesss is rated 
"poor" for propel ler-driven aircraft operating at 
Mach numbers of about 0.8 (the cruise speed of 
today's transport aircraft(, "good" to "very good" 
at Mach number of about 0.6, where some problems 
Still exist (e.g., integration with supercritical 
wings), and "fair" for helicopters of large size. 
A second technology requirement relates to drive 
trains, from VLV engines which are quiet, 
reliable, and long lived. Technology readiness is 
rated "poor." While progress has been made in 
recent years in drive trains for present size 
vehicles, significant problems still persist. 

Alternate Fuel Propulsion . There is a rather 
narrow choice of alternate fuels for gas turbine 
powered aircraft because of the particularly 
adverse qualities of most of the candidate fuels. 
The most attractive finalists are synthetic kero- 
sene, cryogenic methane, and cryogenic hydrogen. 
Little difference exists between synthetic and 
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petroleum-derived kerosene, although the synthetic 
kerosene may be degraded in quality to simplify 
the manufacturing process and thereby to lower 
costs. No VLV-unique problems are envisioned. 
Cryogenic methane and hydrogen do pose volume 
problems. Not only is the fuel volume greater 
than for kerosene to provide a given amount of 
energy, but additional volume is required for 
insulating the cryogenic lines and tanks. Studies 
indicate, however, that vehicle performance could 
equal or better that for conventional fuels when 
the cryofuel is housed within the fuselage and 
where the payload and stage length have large 
values. Hence, the cryofuels are candidates for 
VLV applications. A requirement exists for the 
technology to provide cryofuel engines and fuel 
systems which are acceptable for VLV aircraft use. 
Technology readiness is rated "good." While there 
is a very good understanding in this area, full- 
scale experience is needed, particularly for the 
pumps and insulation. A similar requirement 
exists for engine and fuel system technology for 
VLV nuclear propulsion which has been identified 
as viable for certain vehicle requirements. 
Technology readiness is rated "good" with full 
scale experience again being the principal need. 

Acoustics and Noise Reduction . Increase in 
vehicle size not only increases the noise level of 
the vehicle but also changes the character of the 
noise, both of which can cause problems. One 
change in character is a downward shift in noise 
frequency which decreases noise attenuation. A 
technology requirement exists for the prediction 
of noise from the several contributing VLV noise 
sources. Technology readiness is rated "fair." 
Airframe noise, which will likely be an important 
noise source for VLV configurations, is not well 
understood and experimental studies at large scale 
have been constrained by lack of an appropriate 
test facility. One factor that has not been 
exploited for noise control is shielding provided 
by the vehicle structure (e.g., aircraft wings). 
Accordingly, a second technology requirement con- 
cerns the means for decreasing, in certain direc- 
tions, source noise by vehicle configuration con- 
trol. Technology readiness is rated "fair." While 
understanding exists of such phenomena as 
refraction, reflection and diffraction, good pre- 
diction methods are still lacking for inflight 
situations. Compared with conventional size vehi- 
cles, VLV noise will no doubt be more intense at 
the lower frequencies and probably will be a 
bigger problem in cabin areas. Also, low fre- 
quency noise will be propogated through the atmos- 
phere with very little absorption. Accordingly, a 
technology requirement concerns understanding the 
transmission of VLV noise and methods for its 
attenuation. Technology readiness is rated 
"good." Noise transmission technology is well 
understood. The basics of noise attenuation are 
pretty well understood but the design techniques 
to achieve acceptable noise levels are not neces- 
sarily available. A fourth technology requirement 
is an understanding of passenger and community 
reactions to VLV noise. Technology readiness is 
rated "poor." There is little experience with low 
frequency noise exposures and appropriate labora- 
tory tests are very difficult to perform. Commu- 
nity reaction to the noise of aircraft which have 
much larger propulsion systems than today's air- 
craft is considered to be a little understood phe- 
nomenon. 


Structures 


This general area broadly includes the entire 
vehicle structure which must provide the internal 
and external shapes efficiently and still with- 
stand the loadings and other environments unique 
to the various VLV categories. Specifically 
included are all of the various structural sub- 
systems, the materials and their fabrication which 
enter into these subsystems, and the dynamic 
behavior of the structure which must be addressed 
and accounted for in the design and operation of 
the vehicles. In the present review, the general 
area has arbitrarily been divided into four 
subareas: materials and manufacture; structural 

configurations; structural dynamics; and landing 
systems. Fifteen VLV technology requirements have 
been identified in these subareas. These require- 
ments and associated technology readiness are 
discussed in the following paragraphs and are 
summarized in Table 4. 


Materials and Manufacture . A number of 
specialized niaterial arid material manuf acturi ng 
requirements exist for the various VLV categories 
and are represented by the four technology 
requirements which will be discussed. Many of the 
VLV configurations can take advantage of advanced 
composites to provide viable structural elements 
suitable for manufacture in relatively small quan- 
tity. A requirement exists for the technology to 
design, efficiently manufacture and inspect 
advanced composite structural elements. Technol- 
ogy readiness is rated "good" with design tech- 
nology considered well in hand. Techniques are 
lacking for adequate field inspection. Titanium 
is an excellent material for VLV structures where 
there are problems of corrosion or elevated tem- 
peratures. As for advanced composites, a need 
exists for the technology to design and effi- 
ciently manufacture stiffened titanium structural 
elements. Technology readiness is judged "fair." 
Recent advances have been made in fabricating 
complex stiffened panels by a super-pl astic- 
forming and diffusion-bonding technique. Panels 
of only modest size have been fabricated to date 
and field experience with full scale panels is 
lacking. Nonrigid airships, because of their very 
large surface area require flexible surface 
materials of very light weight. Some of the newer 
materials show promise for considerable reductions 
in weight. A technology requirement exists for 
high performance fabrics and films for nonrigid 
airships. Technology readiness is rated as 
"fair." Based on small scale tests, deterioration 
of material strength with loading time is not a 
fully understood problem. As described later, 
some VLV configurations may utilize air cushion 
landing gear (ACLG) which consist of flexible, 
retractable, doughnut-shaped inflated trunks, per- 
forated on the bottom to allow an outflow of air 
and provide a cushion on which to takeoff and 
land. There is a technology requirement for 
materials and its layup technique for long-life 
ACLG trunks. Technology readiness is rated 
fair." While there is a good understanding of 
the problems involved, no fully successful full- 
size trunk has been fabricated for conventional 
size aircraft. 




Structural Configurations . VLV concepts very 
often involve nonstandard structural configura- 
tions where prior experience is limited or 
nonexistent. Accordingly, a requirement exists 
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for the technology to identify optimal configura- 
tions for VLV concepts embracing a wide range of 
structural features (e.g., multibody, span- 
distributed-load, flexible envelope), technology 
readiness is rated only "fair." While structural 
principles and computer tools are adequate, load- 
ing conditions are not always sufficiently known, 
and there is a lack of an adequate data base and 
experience. To decrease first costs for vehicles 
manufactured in very limited quantity, a require- 
ment exists for technology to select a design 
approach and to design structural subsystem con- 
figurations suitable for low cost manufacture with 
a low production run. Technology readiness is 
rated "poor;" this is a relatively unexplored 
area. A third requirement is for the technology 
to design and fabricate the structural systems 
suitable for providing either boundary layer or 
laminar flow control for VLV airframe components. 
Technology readiness is rated "very good" for 
boundary-layer-control structures but only "fair" 
for laminar-fl ow-control structures which require 
much greater precision of both the surface and the 
surface ventilation geometry. 

Structural, Dynamics . Very large vehicles may 
experience a variety of problems in structural 
dynamics and aeroelasticity because of unusual 
levels and distributions of mass and stiffness, 
large variations in payload and fuel load, large 
spans, thick lifting surfaces, relatively low tor- 
sional stiffness, and onboard rotating equipment. 
Accordingly, a need exists for technology to 
address VLV structural dynamics phenomena. Tech- 
nology readiness is rated "good" with general 
methodology available but with unique developments 
required for each individual configuration. A 
related second requirement is for technology to 
address VLV flutter phonemena. Again, the readi- 
ness is rated "good" with methodology available to 
treat inviscid flow conditions. Where viscous 
flow and/or shocks occur, technology is not yet in 
hand to adequately handle the aerodynamic portion 
of the flutter phenomena. For vehicles having 
large flexible structures (e.g., nonrigid air- 
ships), a technology requirement has been identi- 
fied relative to deformation dynamics. Technology 
readiness is rated "good." Analytical methods are 
available which were developed in part to address 
large space structures. However, problems exist 
in techniques and equipment appropriate for 
experimental validation of the methods. Dynamics 
problems can occur for critical subsystems as well 
as for the entire vehicle. One example is the air 
cushion landing gear (ACLG) which sometimes exhi- 
bits dynamic instability. A technology require- 
ment exists related to the deformation dynamics of 
the inflated ACLG flexible trunk operating on 
either land or water. Technology readiness is 
rated "good" as it is adequate for handling non- 
compartmented trunks of elongated planform shape 
operating on land. Technology is not yet adequate 
to address trunks of nonregular planform or trunks 
of any configuration operating over water at below 
"hump" speed. 

Landing Systems . Based on experiences with 
present day transports, very large vehicles which 
are airborne during cruise operation, and which 
takeoff and land at significant speed, may have 
problems with their landing systems. A require- 
ment exists for technology to design and manufac- 
ture tires and brakes for VLV landing systems. 
Technology readiness is rated "fair." Landing 


systems for present transport aircraft have little 
extra margin as evidenced by their consistent 
standing near the top in costs of all items or 
airframe maintenance. Tire size is limited i 
landing speed remains constant. Increase in 
vehicle weight will therefore require a 
tionate increase in number of tires and complexity 
of the landing system. A second technology 
requirement concerns VLV landing capability in 
strong cross winds. Technology readiness is rated 
"good." Systems have been operational for some 
years whereby the gear is skewed prior to landing. 
More advanced systems have subsequently been deve- 
loped and flight tested on small aircraft. ACLG 
systems, once fully developed, should also provide 
adequate capability. A third technology require- 
ment concerns VLV accommodation by runways of con- 
ventional width, contour, and allowable loading. 
This requirement results from the anticipated 
small number of most VLV aircraft and the desira- 
bility for freedom in their origin and desitina- 
tion options. The technology readiness is rated 
"poor." Runways at a number of present major air- 
ports are marginal in handling present wide body 
aircraft. The use of ACLG, once developed, has 
great potential for spreading the loadings over 
the runway and easing the problems. A final tech- 
nology requirement is in the area of controlling 
the structural response of flexible VLF aircraft 
to runway waviness. Technology readiness is rated 
"good." The problems are believed well understood 
and systems have been designed and ground tested. 
Full scale tests and experience have not yet been 

a i av/oH . 


Vehicle Systems and Operations 

For the most part, technology requirements 
discussed thus far have been concerned with the 
classic disciplinary areas which enter into the 
general design of vehicles. A complementary major 
area is that concerned with the operations of the 
vehicles and which necessarily includes the 
systems peculiar to such operations. This major 
area will now be discussed. It has been divided 
into four subareas: active control systems, 

flight dynamics, interacting vehicles, and 
hazards. Fourteen technology requirements have 
been identified in these subareas. These require- 
ments and associated appraisals of technology 
readiness are discussed in the following 
paragraphs and are summarized in Table 5. 

Active Control Systems . A number of time- 
dependent pTienomena occur during vehicle opera- 
tions which can advantageously be altered or eli- 
minated by automatic application of corrective 
actions through active control. One example is 
the last technology requirement discussed under 
Landing Systems: control of flexible structure 

aircraft to runway waviness. Other VLV require- 
ments which involve active controls also have been 
identified. The first technology requirement con- 
cerns aerodynamic load alleviation from gusts or 
maneuvers of structurally efficient VLV con- 
figurations. Technology readiness is rated 
"good." There remains a problem in providing 
independent control of lift and pitching moment 
for some VLV configurations such as span- 
distributed load aircraft. A second technology 
requirement concerns augmented stability for VLV 
configurations having either marginal stability or 
strict stability requirements. Technology readi- 
ness is rated "very good." The principal problem 
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is providing aerodynamic control surface authority 
adequate to produce corrective action of the 
desired magnitude. A third technology requirement 
concerns decoupling degrees of freedom for dynami- 
cally complex vehicles (e.g., helicopters). 
Technology readiness is rated "fair." Effort is 
needed to establish decoupling requirements and 
the desired dynamic responses of decoupled modes. 
A fourth technology requirement is in the area of 
flutter suppression of very large vehicles. 
Technology readiness is rated "poor." While 
progress has been made toward suppressing relati- 
vely moderate types of flutter, technology is far 
from adequate to address flutter modes charac- 
terized by sudden and rapid divergence. 

Flight Dynamics . Many types of very large 

vehicles are characterized by large values of mass 
and/or moments of inertia. Such characteristics 
can introduce problems in terminal area operations 
during both maneuvers and takeoff and landing 
operations. A technology requirement exists in 
the area of attitude control of vehicles having 
high mass moments of inertia. Technology readi- 
ness is rated "poor." Means are needed to provide 
roll control authority. A second requirement con- 
cerns the technology to provide fixed-attitude 
takeoff and landings when the aircraft/landing 
gear configuration limits vehicle rotation on the 
ground. Technology readiness is rated "very good" 
based on capability of and experience with present 
large military aircraft. Technology development 
is needed where powered-lift is to be utilized. A 
third technology requirement concerns VLV 
operational compatabil ity with 4-D terminal area 
traffic control systems utilizing curved flight 
paths. Technology readiness is rated "very good." 
The capability of most VLV aircraft should be 
adequate to perform the required turns and 
maneuvers. 

Interacting Vehicles . VLV operations are 
sometimes intimately associated with the operation 
of other vehicles, which gives rise to a variety 
of problems which require technology. One such 
requirement concerns the minimization of trailing 
vortices from VLV aircraft which affect terminal 
area operations of other aircraft. Technology 
readiness is rated "fair." Trailing vortices are 
very configuration dependent. While the tech- 
nology is rated "good" for conventional aircraft, 
unconventional configurations have not yet been 
addressed. Flight data for each type of con- 
figuration is required. A second technology 
requirement concerns tug-glider operations using a 
VLV tug. Technology readiness is rated "fair." No 
large scale data are available. A third tech- 
nology requirement concerns tip-coupled vehicle 
operations. One example would be fighter aircraft 
coupled to a VLV mother aircraft for ferry 

missions. A second example would be where two or 
more VLV aircraft couple to each other for 

inflight transfer of passengers or crew. 

Technology readiness is rated "poor." Prior 
attempts at coupling operations involving conven- 
tional size aircraft proved very difficult. A 
fourth technology requirement concerns in-flight 
docking of a smaller vehicle to a very large 
vehicle. Technology readiness is rated "poor" for 
cruise speeds of the order of transport aircraft 
speeds. Flow interference problems have been 

found to be quite severe. In-flight docking has 
been successful, however, where relatively small 
vehicles are docked to a VLV mother ship operating 


at low speeds. An example was the docking of 
small aircraft to rigid, 1 ighter-than-air vehicles 
carried out some four or five decades ago. 


Table 2 Technology requirements and readiness: 
Aero/hydrodynami cs 


Requi rements 

Readiness 

Thick foils having good 
good lift/drag ratios 

Very good - to 20 percent 
thickness at subcritical 
Mach numbers; technology 
lacking for greater 
thicknesses and higher 
Mach numbers 

Bluff nonlifting bodies 
having low drag 

Very good - for isolated 
bodies 

Effects of very high 
Reynolds number 

Fair - for lifting foils 
Good - for nonlifting 
bodies 

Optimized VLV 
configurations 

Good - for configurations 
having attached flows at 
subcritical M. Larger 
data base needed to 
address novel configu- 
rations 

Improved lift/drag 
ratios of compromised 
configurations 

Fair - not adequate for 
handling wide-tipped 
lifting surfaces 

Effects of very close 
proximity to ground 

Good - for most 
configurations 
Fair - for separated flow 
or vortex lift 

Flow control for 
surfaces and bodies 

Very good - for flow 
separation control 
Poor - for laminar flow 
control 

Lifting surfaces 
intersecting auxil- 
iary surfaces, struts, 
protuberances 

Good - lack of suitable 
experimental informa- 
tion; thick surfaces 
require local tailoring 

Multiple lifting 
surfaces 

Very good - for all but 
extreme configurations 

Thick lifting 
surfaces intersect- 
ing bodies 

Fair - problems in 
handling boundary layer 
and Reynolds Number 
effects 

Propulsion systems in 
unconventional 
1 ocations 

Fair - problems with 
higher BPR engines, 
turboprops with super- 
critical wings, and 
inlets to buried engines 

Gust/turbulence 
spatial variations 

Fair - theory available 
but experimental data 
lacking 

Effects of geographic 
area and season on 
wind and wave inputs 

Fair - for gusts and 
turbulence, phenomena 
understood but data 
lacking; for waves, data 
adequate but problem in 
how to use 
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Hazards . As for conventional size vehicles, 
VLV operations will necessarily involve hazards. 
The most likely time for accidents is during bad 
weather and, for aircraft, during takeoffs and 
landings. Other types of hazards are those pecu- 
liar to specific vehicles such as the previously- 
discussed trailing vortex phenomena which can 
introduce a hazardous situation for other air- 
craft. A technology requirement exists in the 
area of VLV hazards associated with weather pheno- 
mena. Technology readiness is rated "fair." The 
art of detection and advance warning of dangerous 
weather phenomena, such as wind shears and clear 
air turbulence, is not better than "fair." Also 
as noted in the disucussion of wind and^ 
inputs, technology readiness is only "fair" 
regarding the characteristics of the environmental 
inputs, once they are encountered. A second tech- 
nology requirement concerns the risks and risk 
probabilities of hazards associated with the use 
of alternate fuels, which includes both cryo and 
nuclear fuels. Technology readiness is rated 
"poor." For both types of fuels, there is no 
accident experience in VLV use. There are signi- 
ficant unknowns for cryofuels regarding in-flight 
leaks, post crash fires, and large ground spills. 
Post crash containment of nuclear fuels has always 
been a concern; while modeling and subscale tests 
have been carried out, full scale in-depth experi- 
ments are needed. Another technology requirement 
concerns unexpected object hazards associated with 
cruise operations very close to the surface of the 
ground or water. An example would be the 
encounter of protuberances (e.g., spar buouy) by a 
ground effects vehicle. Technology readiness is 
rated "fair." Where radar cross-sectional area is 
very small, there is a problem in detecting the 
protuberances in sufficient time to carry out the 
necessary corrective action. In water operations, 
objects which are almost totally submerged are 
very difficult to detect, as evidenced by major 
accidents of hydrofoil vehicles striking whales. 


Overall Observations 


Fifty-four technology requirements for very 
large vehicles have been identifed and rated with 
regard to technology readiness. None of the 
requirements were considered to have an excellent 
technology readiness. For the disciplines of 
aero/hydrodynamics, propulsion, acoustics, and 
structures, the technology readiness was rated 
poor or fair for slightly less than one-half of 
the requirements and good or very good for the 
remainder. For the area of vehicle systems and 
operations, however, the technology readiness was 
rated poor or fair for two-thirds of the require- 
ments. This area would include seventy percent of 
the "poor" ratings had it included the subarea of 
landing systems (which would be as logical as its 
location under structures). Thus, the technology 
readiness in the classic disciplinary areas 
appears to be considerably more advanced than for 
vehicle systems and operations. 

The sixteen subareas of technology require- 
ments have been examined to identify any "drivers" 
which may be particularly significant in the deve- 
lopment of successful very large vehicles. Two 
subareas considered to fall in this category are 
those of safety for all VLV types, and landing 


systems for VLV aircraft which utilize airport 
runways. Two other subareas which may also be 
very significant, depending on what develops in 
the nation's energy situation, are those relating 
to propellers and rotors and to alternate fuels. 
An adverse development would be a worsening of the 
nation's petroleum energy situation, 
favorable development would be a breakthrough in 
nuclear fusion to make available relatively cheap 
electrical energy and, thus, less expensive 
hvdroaen fuel . 


Table 3 Technology requirements and readiness: 
Propulsion and acoustics 

Propulsion Readi ness 


Very large, efficient 
high BPR turbofan 
engines 

Very-high-BPR engines 
for high quantity, 
low PR needs 


Variable-cycle engines 
for efficient 
subsonic/supersonic 
use 

Efficient operations of 
turbofans in uncon- 
ventional locations 

Propellers/rotors 
having high effi- 
ciency, low noise and 
low maintenance 

Drive trains which are 

reliable and long 

1 i ved 

Cryofuel engines and 
fuel systems accept- 
able for VLV use 


Nuclear energy engines 
and systems for VLV 
use 

Noise prediction from 
various contributing 
VLV sources 

VLV configuration 
control for direc- 
tional noise 
reduction 

Understanding noise 
transmission and 
methods for 
attenuation 

Understanding 
passenger and 
community reactions 
to VLV noise 


Good - scale effects 
pose problems 

Very good - for existing 
cores, and conventional 
operations ; 

Fair - for unconventional 
operations 

Fair - preferred 
combination of cycles 
not yet selected 


Good - in locations where 
external aerodynamics 
have good flows 

Poor - at Mach 0.8 speed 

Good - at Mach 0.6 speed 

Fair - for large 
hel i copters 

Poor - problems still 
persist for conventional 
size vehicles 

Good - very good under- 
standing; full scale 
experience needed, 
particularly for pumps 
and insulation 

Good - full scale 
experience needed 


Fair - airframe noise not 
well understood, lack 
full-scale experiments 

Fair - good predictive 
methods lacking for in- 
flight situations 


Good - good understanding 
but design techniques 
lacking to achieve accept 
able levels 

Poor - little experience 
with low frequency 
noise; lab studies are 
, difficult to perform 
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Table 4 Technology requirements and readiness: 


Structures 

Requirements 

Readiness 

Advanced composites 
design, manufacture 
and inspection 

Good - techniques lacking 
for adequate field 
inspection 

Stiffened titanium panel 
design and efficient 
manufacture 

Fair - only modest size 
panels to date; field 
experience lacking 

High performance 
fabrics and films for 
nonrigid airships 

Fair - subscale tests of 
promising material shows 
strength deterioration 

Materials and layup for 
long-life ACLG trunks 
for VLV 

Fair - understand 
problems; no successful 
full-size trunk fabri- 
cated 

Optimal structural 
configurations for 
various VLV configu- 
rations 

Fair - adequate 
structural pri nci pal s 
and computer tools; 
loadings not always 
known; lack data base 
and experience 

Low cost for limited 
production of struc- 
tural subsystems 

Poor - relatively 
unexplored area 

Boundary-1 ayer and 
1 ami nar-f 1 ow-control 
structural systems 

Very good - for BLC 
structural systems 
Fair - for LFC structural 
systems 

VLV structural dynamics 
phenomena 

Good - general methods 
available; requires 
unique development per 
configuration 

VLV flutter phenomena 

Good - to treat inviscid 
flow conditions; not 
adequate for viscous 
flows, shocks 

Deformation dynamics of 
large flexible 
structures 

Good - analytical methods 
available; experimental 
validation is a problem 

Deformation dynamics of 
ACLG flexible trunks 

Good - for conventional 
shapes over land; not 
adequate over water 

Tire/braking systems 
for VLV aircraft 

Fair -today's systems 
marginal, VLV systems 
will be more complex 

Cross-wind landing 
systems 

Good - experience on 
large aircraft; small- 
scale advanced system 
flight tested 

VLV landing system for 
conventional runways 

Poor - today's situation 
marginal, ACLG system 
has good potential 

Response control of 
flexible VLV to 
runway waviness 

Good - problems 
understood and system 
designed; full-scale 
experience required 


Table 5 Technology requirements and readiness: 
Vehicle systems and operations 


Requirements 

Readiness 

Aerodynamic load 
alleviation by active 
controls 

Good - independent 
control of lift and 
pitch a problem 

Augmented stability by 
active controls 

Very good - providing 
adequate control 
authority is problem 

Decoupling degrees of 
freedom for complex 
vehicles 

Fair - needed are 
decoupling require- 
ments and desired 
dynamic response of 
decoupled modes 

Flutter suppression by 
active controls 

Poor - problems with 
rapidly diverging 
modes 

Control of VLV having 
high mass moment of 
i nertia 

Poor - need means to 
provide roll control 
authority 

Fixed-attitude takeoff 
and landing 

Very good - consider- 
able existing experi- 
ence ; powered-1 i ft 
VLV need attention 

4-D terminal area 
compatabil ity 

Very good 

Trailing vortex 
minimization 

Fair - unconventional 
configurations not yet 
addressed 

Tug-glider operations 
using VLV 

Fair - no large scale 
data available 

Tip-coupled vehicle 
operations 

Poor - prior attempts 
proved difficult 

In-flight docking to a 
VLV 

Poor -at most cruise 
speeds 

Good - for airships at 
low speeds 

Weather hazards to VLV 

Fair - advanced 
detection a problem 

Alternate fuel hazards to 
VLV 

Poor - post-crash 
behavior a problem 
for nuclear and cryo- 
fuel VLV 

Unexpected-object hazards 
to surface-cruise VLV 

Fair - advance detec- 
tion a problem 
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